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ABSTRACT 


Steady state results of 1ift developed by varying the 
momentum blowing coefficient (G, ) upon a refurbished 
meECUlatiom conecrot Rotor (CCR) airfoil section were favor- 
able. This thesis was an experimental investigation to 
quantitatively evaluate ee the steady state results 
could be applied by a quasi-steady assumption when a harm- 
onic perturbation of C, Was Superimposed upon the steady 
value. Results suggested an attenuation in the dynamic 
transfer function of dC dC as the oscillating blowing 
frequency was increased. 

The oscillating flow wind tunnel in which the CCR air- 
foil section was tested exhibited a relationship between 
pressure and velocity amplitude not in accordance with quasi- 
Steady small perturbation theory. Initial measurements 
indicated that the RMS Cp perturbation was an order of magni- 
tude greater than the normalized RMS velocity perturbation. 
To further clarify this situation, investigations were con- 
ducted to establish a dynamic frequency response calibration 
of the wind tunnel. Results confirmed the order of magnitude 
difference between the RMS Cy and normalized RMS velocity 
perturbations, indicating that the tunnel flow environment 
was governed by Euler's equation in its complete form rather 
than with the simplifications which lead to the quasi-steady 


small perturbation theory. 
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eee CRODUCT ION 


iiememnposesor the Circulation Control Rotor (CCR) blade 
is to modulate the lift (circulation) of the blade utilizing 
the Coanda principle. As the blade travels about the rotor 
hub, the lift is modulated azimuthally by varying the amount 
of air blown out of a slot above the blade trailing edge, 
as shown in Figure l. 

Steady state results of lift developed by varying the 
momentum blowing coefficient of a CCR airfoil section were 
promising (see Figure 16). It was the primary purpose of 
this thesis to quantitatively evaluate whether the steady 
state results were valid when a harmonic perturbation of 
momentum blowing coefficient was superimposed upon the steady 
value, as it would be in the helicopter rotor blade environment. 

During the majority of time available for thesis research, 
the prototype Lockheed-fabricated CCR airfoil section was 
removed from the tunnel, undergoing extensive rework and 
calibration to correct slot irregularities and pressure ori- 
fice discrepancies [10]. This provided an opportunity to 
perform calibrations upon the oscillating flow field of the 
wind tunnel using pressure transducers and a hot wire 
emnemoOmeter . 

Unsteady measurements taken prior to airfoil section 
rework [10] showed that when 


“lé)= Lh C/4 Ecos WE) 


& =0./07, <4". OTG7 Ss 
o 


EZ 





the RMS oa obtained using linearized theory was 


uniform and approximately in phase over the complete airfoil 
at £ = 62 Hz, Ui 105 fps. Quasi-steady small perturbation 
theory states that 


<u 2y2 
C1, 





os =2 


which was not in accordance with the results experimentally 
observed. Clearly, since there is an order of magnitude 
difference between <c2>" and , quasi-steady small per- 
turbation theory appeared to be a invalid assumption in this 
tunnel flow environment. 

It was the secondary purpose of this thesis to perform 
a tunnel dynamic frequency response calibration to further 
clarify the tunnel flow environment's discord with quasi- 
steady small perturbation theory. In accordance with this 


purpose, tunnel frequency response measurements of both RMS 


pressure and velocity perturbations were experimentally 


obtained. 
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II. EXPERIMENTAL EQUIPMENT AND PROCEDURES 


A. METHOD OF INVESTIGATION 
1. Wind Tunnel Frequency Response Calibration 

The experiment conducted was an evaluation of the fre- 
guency response for the oscillating flow wind tunnel. The 
quantities which were measured were RMS static and total 
pressure perturbations, RMS velocity perturbation, and the 
phase angle between total pressure perturbations at two differ- 
ent tunnel locations. The major equipment used to collect 
and measure data are portrayed schematically in Figure 7. In 
addition to the above data collected, polaroid pictures were 
taken of representative oscilloscope traces of time histories 
for the measured quantities. 

The raw data collected were RMS voltmeter readings, 


DC level voltmeter readings, phasemeter phase angle readings 


and polaroid pictures. The tabular raw data are presented in 
Table III. The oscilloscope pictures are presented in Figures 
i and 13. 


The raw data were reduced using the method presented in 
mae Ccallbration section, II.B.3, for the velocity perturbation 
and in Figures 26 and 27 for the pressure perturbations. The 
reduced results are presented graphically in Figures 10, ll, 
and 14. 

Ze CCR Airtoil Section Tests 

The tests conducted were to determine quantitatively 


whether the steady state dc, / aC, was valid when a harmonic 


1) 





modulation of momentum blowing coefficient was superimposed 
upon the steady value. The major equipment and test arrange- 
ment are portrayed schematically in Figure 8. 

The quantities measured were CCR airfoil surface 
pressures, CCR plenum cavity static pressure, plenum cavity 
air supply pipe velocity, and mass flow rate. The raw data 
collected were RMS voltmeter readings, DC level voltmeter 
readings, rotameter mass flow rate readings, and polaroid 
pictures of representative oscilloscope traces. 

The raw data were reduced as described by Schmidt 
[10] and Kail [6]. The surface static pressure data were 
manually transferred from the printer tape to an HP 9830 
calculator cassette tape for numerical integration of the 
pressure distributions. The HP 9830 was preprogrammed to 
calculate Che Cy: M 


PmeaieDOlOwing Coefficient). The calculation of C 


Gee aooucesrne C225 chord, and C 


oA (the mom- 


ut 
rAd depended 
upon the Coanda air mass flow rate and slot jet velocity. 
The reduced results are presented graphically in Figures 21 


and 22. The oscilloscope traces are presented in Figures 


Zev and 25. 


a ; ’ ; 
The method used for calculating CG, 1s explained in the 
discussion of results section, III.B. 
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B. DESCRIPTION OF APPARATUS AND PROCEDURES 


‘il. Description of Experimental Apparatus and 
Instrumentation 


a. Wind Tunnel 

All data were collected using the low-speed, 
oscillating flow wind tunnel located in the Aeronautics 
Laboratories of the Naval Postgraduate School. The basic 
tunnel layout and dimensions are shown in Figure 2. The 
entire tunnel, with the exception of the test section, was 
constructed of one-quarter inch steel plate, the heavy 
construction necessary to withstand the induced vibrations 
of the oscillating flow. Three high solidity screens were 
located in the inlet section for reduction of test section 
turbulence. The screens were pre-tensioned by spring loaded 
frames, recessed into the walls of the inlet. The nozzle 
Bect1on OL the tunnel has a contraction ratio of 16:1. 
The screens and contraction ratio produce test section free 


stream turbulence levels of 0.3 to 0.4 percent [8]. 
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The tunnel was driven by two Joy Axivane fans in 
series. Each fan was driven by a direct connect 100 hp, 1750 
rpm motor. The fan blades were adjustable through a 25 to 55 
degree pitch range. Directly in front of each fan was a set 
of variable inlet vanes for maintaining external control of 


the test section velocity. 
Slagnetie Sensor 


Berk/ey 
Decade 
Counter 






Intermediate 
“SAakt 


Bagube ssa. Wind dunnmel Rotating Shutter 


beeROedrang siuteer Valve 
The rotating shutter valve shown in Figure 3 con- 
Sisted of four equally spaced rotating shafts. Each shaft 
was crosscut down its entire length with a one-quarter inch 
slot into which fit a one-quarter inch flat aluminum plate 
(blade). Two, three, four, and five-inch blades could be used 
to obtain oscillation amplitudes of from 8 to 92 percent of 
the free stream velocity [8]. The shutter shafts were driven 


by a five horsepower variable speed electric motor through 
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an intermediate shaft. A wide variety of pulley ratios 
could be employed to obtain oscillation frequencies of from 
meee 953 HZ [S$]. 

The oscillation frequency was measured using a 
magnetic pickup; the output was read from a Berkeley decade 
counter. 


c. Tunnel Test Section 
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Figure 4. Wind Tunnel Test Section 


The 18-foot long wind tunnel test section is 
shown in Figure 4. The top and bottom of the test section 
were single-piece two-inch thick aluminum plates. Each side 
of the test section consisted of three separate 74.5 inch 
long sections. The fore and aft sections on each side were 
two-inch thick stress-relieved lucite plate. The lucite 
plates on the operator side of the test section were con- 
structed as doors, raised and lowered by hydraulically 
actuated servos. The middle section of each side was con- 


structed of two-inch thick plywood. In the middle of each 


rg 





EwOoa Sectton was a 16-inch porthole to accépt apparatus 
to be tested in the tunnel. Immediately downstream of the 
instrumentation porthole on the operator side of the tunnel 
was a l6-inch diameter, two-inch thick lucite observation 
pecenole. 


dad. Test Section Instrumentation 
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Figure 5. Instrumentation for Frequency 
Response Calibration 


The wind tunnel instrumentation package for the 
frequency response calibration consisted of a total pressure 
source, a Static pressure source, and a hot wire anemometer. 
The instrumentation was mounted in a wooden plug which was 
mounted in the hole cut for the CCR airfoil section, as 
shown in Figure 5. A wooden plug containing no instrumenta- 
tion was mounted into the instrumentation porthole on the 
Opposite side of the test section. In addition, two total 


pressure sources were located upstream from the main 
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instrumentation station: one in the test section floor 

used for adjusting test section velocity, and one 34 inches 
upstream in the test section wall at the same height as the 
main station total pressure source, used in lieu of the sta- 
tic pressure source. The total pressure source at 34 inches 
upstream was used to make a comparison with the main instru- 


mentation station total pressure source. 


Gea? 160 {1 12 13 14 1S 16 17 18 js ep ede ie) 
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Figure 6. CCR Airfoil Section Static Pressure 
Port Locations 


The pressure sensing system used to collect data 
from the CCR airfoil section is shown schematically in Figure 
8. The pressure tap locations are shown in Figure 6 and are 
listed in Table I. The pressure sensing system employed 
Mmtorm lengths of 0.0331 inch I.D. steel tubing connecting 
the airfoil surface static pressure ports with the scanivalves. 
Two scanivalves were employed: one 24 channel and one 48 


channel. 


The static pressure in the airfoil section plenum 


cavity was also monitored. The steady state value was 
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Figure 7. Frequency Response Calibration 
Equipment Schematic 


measured uSing a manometer, and the oscillating perturbation 
was measured uSing a pressure transducer of the type installed 
in the scanivalves. 
e. Raw Data Measurement Equipment 
The raw data for the frequency response calibra- 
tion were collected by the equipment shown schematically in 
Figure 7. The instrumentation and measurement equipment for 


CCR airfoil raw data collection are shown schematically in 


Figure 8. 
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Te kromx 55s 
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Eavetiicem oe CoReAiriovl Section 
Equipment Schematic 


The dual-beam oscilloscope was used to display 
the time variant response of any of the measured quantities. 
It was also equipped with a polaroid adapter for pictorially 
recording ocsilloscope traces. 


The true RMS voltmeter was used to obtain RMS 


readings of any oscillating data. 
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The phasemeter was used to obtain the phase angle 
difference between any two quantities oscillating at the same 
frequency. 

The digital voltmeter was used to zero the signal 
conditioning amplifiers and to take steady state (DC level) 
readings of the measured quantities. 

The digital acquisition control panel was linked 
via the digital voltmeter to a paper tape printer. The con- 
trol system had the capability of cycling either automatically 
through the channels of either scanivalve or manually, one at 
a time, through any combination of scanivalve channels. All 
voltmeter readings were automatically printed on the printer's 
tape, if desired. The printer could be easily disconnected 
from the control system cycling processes. The cycling rate 
was variable; however, even when set on the fastest rate, this 
system was inadequate to effectively sample the rapidly 
changing surface pressures on the airfoil section. 

The Berkeley decade counter was used to obtain 
the frequency of the rotating shutter valve and the frequency 
of the oscillating velocity and pressure perturbations. 

The hot wire anemometer control was used to set 
the hot wire current and monitor the direct current component 
of the output. The alternating current component of the out- 
put was displayed on the dual-beam oscilloscope. For a more 


complete description of the hot wire anemometer, see Miller 


ea). 
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The micromanometer was used to set and adjust the 
desired test section velocity. Its 33 foot tubing length was 
sufficient to completely damp out the oscillating pressure 
perturbations. 

The counter-timer was used to measure the fre- 
quency of the momentum blowing coefficient when it was being 
oscillated. mnemosciliating Guantities input into the counter- 
timer were either the plenum cavity static pressure or the 
hot wire velocity measured in the Coanda air supply pipe. 

The rotameter was used to measure and set the mass 
flow rate of the Coanda air. The mass flow rate versus rotam- 
eter reading is shown in Appendix A, Figure 3l. 

2. How Experiments Were Conducted 

The experiments were conducted utilizing the apparatus 
explained in the previous section. After all of the equipment 
had warmed up for 20 to 30 minutes, the first step was to zero 
the signal conditioning amplifiers for the pressure trans- 
ducers and set the hot wire anemometer current. The signal 
conditioning amplifiers were zeroed using potentiometers and 
the digital DC voltmeter. The hot wire anemometer wire current 
was set to 30 mA, using the input mode of the anemometer con- 
trol. Steady, no flow conditions were maintained in the 
tunnel for these initial adjustments by inserting styrofoam 
plugs into both ends of the tunnel test section. 

After the initial adjustments were made, the styro- 
foam plugs were removed and the tunnel started up. The test 


section dynamic pressure was set to 10 psf (4.89 cm H.0) for 


2 
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the frequency response calibration and 10.2 psf (5.00 cm H,0) 
for the CCR tests, using the variable inlet vanes. This 
resulted in a test section velocity of 92 fps for the fre- 
quency response calibration and 93 fps for the CCR tests. 
When the test section dynamic pressure was set, the hot wire 
anemometer control was switched to its output mode and the 
attenuation adjusted until the DC output read 1.0 V. With 
the above adjustments made, initial steady state DC readings 
of total and static pressure, and velocity, and RMS readings 
of pressure and velocity turbulence levels were taken. 

For the frequency response calibration, the rotating 
shutter valve was then started, letting it run at its lowest 
frequency, about 9 Hz. When the shutter frequency became 
stabilized, it was necessary to reset the test section 
dynamic pressure, because of energy changes or losses in the 
tunnel system. 

Output readings were then taken on all measured 
quantities at that particular frequency. The shutter fre- 
quency was then stepped up in desired increments and the 
measured quantity outputs recorded at each increment to a 
maximum frequency of about 45 Hz. Each time the frequency 
was stepped an increment, it was necessary to reset the test 
section dynamic pressure. 

For the CCR airfoil section tests, the blades on the 
rotating shutter valve were removed. The airfoil section 
was then set at -5° angle of attack; -5° being the approxi- 
mate zero lift angle of attack at C = 0 (see Figure 16). 


YA 
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After the steady pressure readings and pictures had been 
taken, the airfoil section air supply was turned on. The mass 
Blow rate was adjusted to 0.58 on the rotameter, corresponding 


2 
EO C = 0.045. 


as 
It should be especially noted that the testing 
environment, particularly when the rotating shutter value 
was operating, was extremely unfavorable. This environment 
permitted operation for only short periods of time, even with 
the use of sound attenuator ear protection. When the rotating 
shutter valve was in operation, the tunnel could only be oper- 
ated from 0900 to 1600; operation outside of these times was 
subject to complaints by local residents. Operating the tunnel 
with the rotating shutter valve going could be likened to 
standing beside the tracks when a freight train was speeding 
Dy. 
3. Equipment Calibrations 
All transducers were statically calibrated for pressure 
sensitivity. All transducer and tubing length combinations 
were dynamically calibrated for frequency response transfer 
function. Dynamic calibrations were made using a method 
reported by Johnson [5]. Calibration results confirmed the 
smooth variation in both the dynamic gain function and the 


phase shift as the frequency was varied from 0 to 100 Hz. 


Separate calibrations were made for both the tunnel frequency 


whis value was chosen based on information from Kaman 
Aerospace Corp. as being a typical Cus value for an operational 
eee helicopter. 
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response calibration and the CCR airfoil section tests. The 
static and dynamic transducer calibration curves are shown 
moe Figures 26 to 30. 

The hot wire anemometer was calibrated by first 
setting the desired test section dynamic pressure, in cm H,0, 
using the micromanometer. The hot wire control was then 
switched to read voltage output with the attenuation set such 
that the output read 1.0 V at the desired test section steady 
velocity. Any velocity perturbations superimposed upon the 
steady value would then be a direct percentage of the tunnel 
velocity. For example: a true RMS voltmeter reading of 
20.0 mV would represent an RMS velocity perturbation that was 
2 percent of the original steady test section velocity. 

The rotameter calibration was based on four separate 
tunnel runs. The resulting calibration curves are shown in 
Figure 3l. 

The airfoil pressure tap locations and corresponding 


SCcanivalve channels are listed in Tables I and II. 
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IIIT. EXPERIMENTAL RESULTS AND DISCUSSION 


A. WIND TUNNEL FREQUENCY RESPONSE CALIBRATION 

Looking at the results of the tunnel frequency response 
calibration shown in Figure 10, two things are immediately 
apparent. The most obvious is that there are at least four 
resonant frequencies between 9 and 48 Hz, the primary one 
being about 21 Hz. The second, and not so obvious, is the 
nature of the velocity and pressure perturbation relationship. 

To be compared with the RMS Cp, the RMS velocity pertur- 
bation was first normalized with respect to the free stream 
velocity. The comparison of the normalized RMS velocity and 
RMS Ce, perturbations is shown in Figure ll, where it can be 
clearly seen that the RMS Cy is an order of magnitude greater 
than the normalized RMS velocity perturbation. 

Quasi-steady small perturbation theory would conclude 


enc c Vy 





Clearly, since an order of magnitude difference was observed 
between Kc?’ and {u2>*70,, this is not the case and quasi- 
steady small perturbation theory is an invalid assumption 
in this tunnel flow environment. 

The solution to the tunnel flow environment lies in 


amalysis of Euler's equation [2, 7, 11, 13]: 


Ou yy, ou eteOle where U, = free stream velocity 

ot Ox # Ox u = velocity perturbation 
p = pressure perturbation 
f/f = density 


IAS, 





Using potential flow theory 
Oe 
uz Sf = g, 


ana d'Alembert's solution 


@ = £(x + ct) = f(z) where c = wave propagation velocity 

and assuming a solution of the form 

u(x + ct) = u(z) = U9 and p(x + ct) = p(z) 
oe 

then Euler's — can ‘pe rewritten 


2,4 


CUS +UF =-2PF 
2(+e f= 


Recognizing that 


= Tae p’ 


ad PP _ dp 
{=f Oath ) SPuUe ~ gz 


then Euler's equation can be stated 


SRO at + | = O 
cur? 
Therefore <c25 =2(I+® ) 





3 
where c = (local speed of sound) - (free stream velocity) 
c = 1100-92 fps = 1008 fps, then 
iY 
REEy. ? z 
KCpeae 24 = 
U, 
Therefore, 


consideration of Euler's equation would imply that 
the RMS C_ perturbation would be an order of magnitude greater 
than the normalized RMS velocity perturbation at low tunnel 
a 
Cc = 


a- U, for wave propagation upstream and a + U, Og 
wave propag ation downstream. 
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mach numbers. This is clearly the situation evidenced in 
Figure ll for the tunnel flow environment. 

Thus the pressure perturbation disturbance in the tunnel 
may be viewed as a traveling wave emanating from the rotating 
shutter valve. Because the disturbance may be viewed as a 
traveling wave, it was surmised that the resonance was due 
to wave reflection within the tunnel. Probable sources of 
wave reflection were: the open inlet end, the inlet screens, 
the rotating shutter valve, the fan section, and the down- 
stream wall where the flow bends 90° AUS OL lor LO ex1 ee 
Ingard and Singhal [4] experimentally investigated the effect 
of flow on the acoustic resonance of an open-ended duct. They 
identified several other mechanisms that may contribute to 
resonance: the convection of the sound pressure pulses by 
the mean flow, the interaction of sound pressure pulses with 
mien tcuroulent flow within the duct, and the effect of flow 
on the reflection coefficients at the ends of the duct. 

Of particular interest regarding this resonance phenomenon 
was that the velocity and pressure perturbation ocsillations 
achieved their smoothest, most sinusoidal profiles in the 
vicinity of the maximum resonant peak, 19 to 24 Hz. This can 
be seen in the oscilloscope traces of Figures 12 and 13. 


memodre the traces of 23.2 Hz in Figure 12 and 19 Hz in 





Figure 9. Charnay & Mathieu Rotating 
Shutter Wind Tunnel 


Syl 





: 


Figure 13 with those at the other frequencies. Charnay and 
Mathieu [1] noted the same phenomenon in their rotating 
pmmeces wind tunnel, shown in Figure 9, and attribute it to 
when the vortex shedding frequencies oF the SiMicer,  cOlncide 
with the tunnel resonance frequencies at about 20 and 60 Hz. 

Also of interest in relation to tunnel resonance were 
the vibrational modes of the tunnel structure; around 21 Hz 
the tunnel structure exhibited heavy vibrations. The tunnel 
structural vibrations also increased at the other resonant 
peaks in the frequency response; however, none Of the other 
three modes was as severe as the one at 21 Hz. Tunnel struc- 
tural vibrations also varied directly as the size of the 
rotating shutter blades. For this reason, the 3-inch blades 
were used for the frequency response calibration instead of 
the 4-inch blades. 

In an attempt to confirm that the airflow in the tunnel 
behaved according to the wave equation, another total pressure 
source was located 34 inches upstream in the tunnel wall at 
the same height as the total pressure source at the main test 


Sete1on. Initial estimates determined that at £ = 22 Hz, 


lle 


T = 65°F (a, the speed of sound, Zoe OS) Ue = 92 fps then 


Grew= (34/12 ft) /(1123 - 92 fps) 2.75 ms, and 9 = (Mt) 


wei 360) = Py as But as can be seen from Figure 10, the phase 
shift between the two total pressure locations was nowhere 
near that value. In fact, the phase shift seems to vary 


inversely as the RMS pressure perturbation for frequencies 


BZ 





POmeomesowmmoc Ha,.and then directly as the RMS pressure 
perturbation for higher frequencies. The phase shift may 
also be a function of the tunnel resonance. 

Bretnies Interesting aspect that may be attributable to 
the resonance phenomenon can be seen in both Figure 10 and 
the 40.4 and 48.9 Hz traces of Figure 12. In the frequency 
range.of 38 to 48 Hz, the total pressure perturbation ampli- 
tude at the main test station was significantly smaller than 
that at the upstream station. It appeared as if the pertur- 
bation at the main test station Was being damped out; 
unfortunately the tunnel frequency range for this calibration 
wasn't high enough* to confirm this. Perhaps directly related 
to this damping action was the fact that the phase angle 
between the pressure perturbation at the two stations and the 
velocity perturbation waS a maximum at the same time that the 
damping action was taking place. Very similar damping of 
pressure pulses from an acoustic source in an open-ended duct 
flow was experimentally investigated by Ingard and Singhal 
[3]. As was the case in this tunnel, they found that the up- 
stream perturbation amplitude was larger than that downstream. 

Another item of interest was the hump in the pressure 
Peerurbation wave form occurring from 9 to about 16 Hz. This 


hump can be seen clearly in the 9 Hz trace of Figure 12. 


4448 to 50 Hz was the maximum attainable frequency for 
this calibration due to the shutter valve pulley configuration. 
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Figure 14. Reduced Data Points for Wind Tunnel Frequency 
Response Calibration. 








peeecCR ALREOLIL SECTION TESTS 

The objective of these tests was to quantitatively deter- 
mine whether the steady state AC, /d Gu would correspond with 
the RMS dc, /dc, when a harmonic perturbation in oF was 
Superimposed upon the steady value. 

CG, (the blowing coefficient) was defined in the steady 


environment as 


Of 


J 


SS 





“= Fs 


where M was the mass flow rate in the air supply pipe, ce 
was the velocity of the Coanda air out of the airfoil section 
slot, q was the test section dynamic pressure, and S was the 


airfoil section wing area. For small perturbations 


m= lM, 4 E sin ure ) ; u;= Uj, (/ + 6 sin wt) 


Steady flow calculations support the assumption that od =&€ 


to a first approximation. Therefore, in the unsteady 





environment 
= ™, U, ; ~ 
Gp 5 Jo (/+ 2E Sin at) = Gp (OLE sin ast) 


If m is measured by a hot wire anemometer installed in the 


fae SUpply line (i.e., Cuy = km), then the DC value of euw 


is a good index of M. and the RMS value of Caw provides the 
Sercesponding unsteady contribution. Thus, €= (Cyuw,.. Se yw ) 


and Cupms = 2 (Chittons /2 vu, ) cr 


The general oscillating perturbation relation of Total 


= Mean + RMS sin(wt + g) also holds for oscillating C 


L oh 


Sy, 





where the mean value should be the same as the steady state 
value. In Figure 22 the mean and steady state - distribu- 
tions are plotted and it can be seen that they are the same 
within a few percent. The difference between the steady 
state and resultant oscillating Cc ms due te the RMS or 
effective value of the superimposed oscillating perturbation. 


The steady state Cr vs Cy for various angles of attack 


1s shown in Figure 16; note the linear ranges for the model 
installed at -5° and 0° angle of attack, resulting ina 

de, /dc, of 29 and 30 respectively. Since the zero lift 
angle of attack was about -~5° and dc, /dC, was linear over 


the C range that would be examined, a5" angle of attack 


WA 


was chosen for the initial unsteady evaluation. Figure 17 
shows the Ce profiles around the trailing edge for various 


steady Cu values. Notice that there was an increase in Ss 


and» that “as  C increased, the rear 


for each increase in Se Fy 


peagnatlon point ce = 0) moved forward down the trailing 


edge. Figure 18 shows the c vs x/fc for the same Cy, values; 


for each Cu increase, there was a very definite increase in 


L: Derived from Figure 17 


1s Figure 19 showing steady state cs vs Cy for @ = 40 


Co resulting in an increase in C 
a 

As can be seen, a and C, appear to vary directly; the RMS 
values, therefore, should also vary directly. Consequently, 
if the quasi-steady state assumption were true for the super- 
imposed oscillating perturbation, then 


d<gs2>*_ Sle, oCR w [T. 


iis =a = aaa — 


GC cGy 0 /Cx 


84 is the value derived from Figure 19 for this particular 
CCR airfoil section at -5° angle of attack. 
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iaeesrlisce Osclilating asia was made at Curn =O, 0456), with 


O 


a corresponding os at 8 = 40° of 4.3. The results around the 


trailing edge are plotted in Figure 21. For an heer - 
oie Ma! Ehewsey, ae = 2 (3M ous) =0 2535 -Of Cum OF Cones 
0.0106. If the quasi-steady assumption holds, then the 

C would be 84(0.0106) = 0.89. In Figure 21 it can be 


PRMS 
seen that the C = 0.45. This means that the steady state 


PRMS 
value has actually been attenuated some 50%. This suggests 
an attenuation in the dynamic transfer function as shown in 


Figure 15. A similar attenuation in dynamic transfer function 


for oscillating jet flaps was reported by Simmons [12]. 









Attenuation of the Dynamic Transfer 
Function vs oo." a/ 
Freguency(k) , O=4 


GC -9CpP/ du all 
SCl/ AS Cu steady state 


0.6 
G k= 2S , ur? frequency 
4 De e= chord (8S1") 
0. = test section 
velocity (93tps) 
0.2 
O : 
0 PRG} we 
k 
Figure 15. Suggested Attenuation of the 
Dynamic Transfer Function. 
The question then arises, if the C has attenuated 503 


PRMS 
of the steady state value halfway around the trailing edge, 


how much has it attenuated on the upper and lower airfoil 


Spun SLO ee 
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surfaces? Unfortunately, with the described data acquisition 
system this case could not be observed due to the tunnel 
pressure noise level. 

Figure 20 shows the midchord upper and lower surface 
C. vs C, . The upper surface dc /0C. = -17.3 while that of 
miemlower Surface 1S 652. For the first oscillating Cy 
run, the maximum CRMs that could have been generated on the 


lower surface would have been C oRMS = 6.2(0.0106) = 0.066. 


The RMS Ce noise level was Deno. therefore, the C5RMS due 
to blowing oscillation could not have been seen above the 
noise. This can be seen in the oscilloscope traces of 
muogures 24 and 25. 

The second and third test runs® were conducted at rotam- 
eter aaikeimge Seno. So eandeO. 70, coOrresoonding to Cy = 0.0423 
and 0.0630, respectively. For these test runs two things 
were done which were not done on the first test run. First, 
prior to each oscillating run a steady run was made to deter- 
Mine the RMS noise levels of the air supply pipe velocity, 
plenum fa! and airfoil surface oon Second, through very 
careful adjustment of the plenum air supply line valves, a 
true CoRMS of 28.4% and 15.9%, respectively, was obtained. 


The two runs were made at different Cu values in order to 


get a trend comparison of oscillating mean and RMS Cum and 


Cy versus steady state Cu and Cr 


Tus C., noise level based on run 52601 data. 


Runs 52601, 52603, 52604, and 52605. 
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The resulting mean and RMS Cc, versus Cy Pon wene  cWwe 
runs are plotted in Figure 23. Notice that mean Cr / Cu is 
the same as the steady value for the first run and within 

% of the steady value for the second. The most noticeable 

result of these two runs was that the RMS Cus 1s less for the 
higher blowing case, where the rotameter was set at 0.70. 
This result, however, was not due to airfoil section aero- 
fymemlLecs but rather to the capacity of the air supply com- 
pressor. For a given plenum total pressure at high blowing 
rates, the air compressor used for these tests lacked suffi- 
cient capacity to supply enough mass flow to maintain the 
given plenum total pressure and a high amplitude superimposed 
perturbation oscillation. This can be seen from the 12.52 
meauctlion in CRMs for a 0.02 increase in Cu - It can also 


be seen visibly in the oscilloscope traces of Figure 25. 
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Figure 16. Steady State CCR Airfoil Section Cy vis -C 
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Figure 24. CCR Unsteady Oscilloscope Traces. 
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fee ONecoUSLONS 


A. WIND TUNNEL FREQUENCY RESPONSE CALIBRATION 

The results discussed point out the following essential 
mac CS ¢ 

i |. RMS os perturbations are an order of magnitude greater 
than the normalized RMS velocity perturbation, which suggests 
that the tunnel flow is governed by Euler's equation in con- 
Junction with wave mechanics. 

2. The wind tunnel frequency response clearly exhibits 
at least four resonant frequencies between 9 and 48 Hz. 

The primary resonant frequency was about 21 Hz. 

3. The oscillating pressure perturbation was most nearly 
sinusoidal immediately about the resonant frequencies. The 
best sinusoidal wave form was observed in the frequency 
memge OF about 19 to 24 Hz. 

4. The oscillating pressure perturbation at the main 
test station was being damped out from 38 to 48 Hz. The 
highest frequency which could be. obtained in this calibra- 


tion was 48 Hz. 


Peeeeeek ALRFOLL SECTION TESTS 

The results discussed point out the following essential 
maces : 

im. The ae / Cu decreases as the oscillating blowing 
frequency increases. This suggests an attenuation in the 


dynamic transfer function. 
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Zee ie RMS oes noise level in the tunnel is significant 
5 
(<co > = 0.07). In order to operate at a signal-to-noise 
ratio of 10 or greater for representative operational unsteady 
oF 


must be reduced. 


values, the tunnel pressure noise or turbulence level 


3. The plenum air supply compressor used for these tests 
lacked sufficient capacity to maintain a high amplitude super- 


imposed perturbation over a wide range of C, values. 
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Figure 30. CCR Tests Dynamic Transducer Calibration. 


5)'5) 





ass Flow Rate (b/sec) 


F Coandea Air Supply Pype 
oF /lass Flow Rate EES. 





VS Rotome ter yetehin a 
LY. Sehrndt , Mar. L97 
aS Sym leaning - AN 
& 06, D0 Cu, Bem =22.79 "He 
38 DR Cu, Petm2F910'HG = 
q O m,all Prim 
se 
Q 
° 
003 9 .05 
g ° 
3 
Q 
Q -Y 
AGE 
|_| 
% 03 x 
S 
oO 
o02}—X : 
o 02 AS 
it | 
Baal 
O 


DS 

oS 

be, 
® 


0 | SRRRael 


0 ZO Bo F¥40 GSO 360° 
Rotameter Rea ding 


Figure 31. CCR Tests Rotameter Calibration. 
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Table I. 
Xx 
(ibe) 


a0 
5 OL 2 
.060 


OWW UU MDDYIINHUWNNKHHODOOOOO0OO 
e e e e e e s ® e e e t e e e ® cd ° e e 
Oo 
> 
Oo 


CCR Airfoil and Pressure Tap Coordinates 
Ve 


x/C 


oOoooooo0o0cce90c oooeoremnKoMmoomooOoOOoOOoOOoOOoOOoOooooaoOoOoOoOOoOOOOOOOO OO 
\O 
om 
ce) 
a 
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Rab ler (cone cd) 


Tap Oe xe y Ve 
No. (rae) (itty) 

50 Oe 345 0.0338 -0.349 -0.0342 
5 0.229 020224 -0.285 -0.0280 
52 0.119 G.0117 -0.214 -0.0210 
58} O05 O00 S52 -0.145 =O ea 2 
54 0.009 0.0009 -0.070 -0.0069 
Beer. Surf. spcl. tubes 

5 a. Loe 0.5004 6.0 inches 

BG eoge 0.4990 9.0 " ee ae 
5 / 5.095 0.4992 | £05 " 2 

58 7 63% 0.7477 6.0 " eee 
59 Fu6ot Gu 7499 9.0 " as 


Pm@eewbes are 25.5 inches in length, 0.033 in. I1.D., and 
0.050 0.D. Tubes have been renumbered from identification 
existing at Nov. '76 when model was removed from tunnel for 
t.e. slot rework. Two new tubes have been installed. 

fierce, the slot is located at x = 9.748 in., x/fco = 0.9551 .... 


Table II. Scanivalve Channel Log 

















S/V 1 (48 channel) Syvee (24 channel) 
chnl tap ehnnt tap chnl tap chm tap chniy tap 
loc. loc. loc. loc. loc, 
0(48) atm 18 22 36 54 0(24) atm 18 eZ 
1 ie 19 a7 a7 55 1 Ps 19 ae 
2 Pe 20 38 38 56 A 158 20 834 
3 Z Dal 39 39 57 3 il Saal Si3 
4 9 22 40 40 58 4 2 we 36 
5 ial 23 41 41 59 5 3 Zo atm 
6 ally, 24 42 42-47 plenum 6 4 
7 19 25 43 qi 5 
8 20 26 44 8 6 
9 Dl Pa 45 9 8 
0 De) 28 46 io) ak 
Wi 24 29 47 ee 12 
12: 25 30 48 Leh es 
13) 26 31 49 ILS abe! 
14 pal Be 50 ae 5 
15 28 33 51 15 16 
16 29 34 52 16 18 
17 30 35 53 17. +31 
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APPENDIX B 


EXPERIMENTAL DATA 


Table III. Experimental Data, Tunnel Frequency Response 


Run 214017 

3 in. blades, gq=10 psf 

f P, 34" upstrm P, wingsta Velocity i) Notes 
(Hz) x-ducer 4 x-ducer 3 wingsta (deg) 
_ voc VRMS VDC __VRMS VDC _VRMS 

0 0 »O0215 0 sOO94 ~=-002 00069 g=0 
0 mOL2 0028 =.015 .003 

SZ 45 hay! Ibis 
g 5 21 22395 .0145 19 
Ie Sally - 369 5 IL Es: 
10.4 ~417 - 482 yOLIOI IG 
2.0 ~334 2592 -0208 6 
Le eal 5 Sle ‘3.05 -031 tes. 
14 5 ts oie 2028 925 
16 5166 -432 SOAS 8.0 
ifs 5) 5S -0245 8.0 
20 ce aoG S025 5D 
zy. 9 the dbs Ths 7zal MORES We 27.85 
22 Bish ite: 920 5 OCS Sees: 
24 ~405 739 3 Ons “5 
25. 8 SAS 2300 HOGS 525 
28 24915 ao 2 HOZ05 94.5 
Zoi. 7 7625 5 Site: nOS2 Ze 
3 65 ~422 70555 0 
Ga. 2 - 416 340 2005 vie 0 
36.6 5a) eo0G Ale yeys 8 

38 4.03 28 -0345 45 
40 <437 Le .043 40 
42 - 340 -20 7-055 29 
43.6 50 SLL s0530 40 
44.4 poo aS .038 28 

0 POL 9.024 = 20 e024 220 005 

0 ONG Is -.127 -.001 g=0 
Rom 21101 

3 in. blades, q=10 psf 

0 0 me 3 0 SOUS. 002s. 00065 =0 
0 7005 .030 S00 500027 -945 .005 

9 24 Is O27 18 
TLae 465 37 -042 

14 40 32 5 10)73 7s as 

16 455 38 ~029 2 

18 63 58 -024 Ih 

Z2 onl 81 sOrs5 — 3 


lRun number: Ist digit = month, 2nd & 3rd digits = day, 
last digit = run of that day. 
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Tables iit. » (cont d) 
Rim 2ZlloOl (cont’d) 





£ P; 34" upstrm Py wingsta Velocity pO Notes 
(Hz) x-ducer 4 x-ducer 3 wingsta (deg) 
VDC VRMS VDC VRMS VDC VRMS 
ZO. 8 i heyAS E2075 OSG 1 
24 ~415 ~4 70 155 15 
26 Sy «37 020 9 
27.9 47 ~485 020 al 
29.8 545 - 60 031 iS 
ei, 8 45 A 50, (S85. 3S 
55 384 44 031 3025 
36 S75 Bye) 7 030 25 
59 40 -43 036 456.5 
42 205 oes 030 33 
43.6 Gy vo) 031 30 
44.8 IL sis) OS ys sis} 
0 005 025 -.052 ZS 4 S510. 010 
0 = 10015 0 s5 -O13 q=0 
Run 20901 
3 in. blades, gq=10 psf 
0 0 ~0045 0 -0054 0 SOO q=0 
0 moe. <005 2025). Ow ~945 0.07 
10 25 -194 028 22 
2 47 2592 042 
lee: 685 = Bye! O25 10 
16 437 lee 023 10 
19e.8 1.04 89 027 10 
20.4 eee Ieee} 028 avd 
ea, 5 106 ~93 022 2a 
Zs, 3 493 ~455 O15 8 
24.6 342 Bache ils 016 29 
26.6 352 355 Ours 4 
28.8 487 ess 027 9 
30.6 433 -484 029 9,5 
Ba. 5 343 . 388 028 34 
35 SAT ps ~324 0265. Sl 
37 Ais 2385 e345 029 28 
40.2 248 1555 034 2 
44.1 15 ~ 284 029 cul 
avi. 2 139 ~384 047 50 
48.9 ie ya ~427 056 63 
40.4 e226 oi eZ a5 
es. 2 440 ~406 014 ee. 
ZO 18 
Boe. 3 605 -540 O12 4 
ie. 1 658 LSE 022 il 
g, ae. Lo6 O25 24 
12.4 248 -198 028 a 
16 5 SNE ~254 —0)ILS, 2 
0 0316 2053 -005 
0 OO. O02] =-117 .0019 -0009 q=0 
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cp homilies COnt a) 
Run 20402 
3 in. blades, q=10 psf 
f P, 34" upstrm P, wingsta Velocity g Notes 
(Hz) x-ducer 4 x-ducer 3 wingsta (deg) 
VDC VRMS VDC VRMS VDC VRMS 

0 -002 BOO Zu =—jcCmesoogr95 2.2002 ..0048 =0 
0 OOS BOS Sol a2 -968 .005 
8 24 24 AONE) 68 
16 a3 415 -026 64 
20 tea? Pe 1S 2 
26 Bes 32 SOY 63 
Bi A 4l Oso 
40 ao w2e5 2038 
45 Bless) 55 5082 
50 la? . 166 -06 
46 pele 3 7 147 .038 

-.002 -002 -.0083 .0019 .002 .00046 =0 
Run 20401 
4 in. blades, gq=10 psf 
0 fe) 0024 0 OOS 7 ROMO: -.Q02L3 q=0 
0 OO) OS eS 2 OS ~95 0065 
Note: Tunnel vibration level too high. 4 in. blades replaced 

with 3 in. blades. 
Run 12801 
4 in. blades, q=10 psf 

P. wingsta 

x=ducer 4 

VDC VRMS 
0 -.013 OA O10 Oo 02 mOO7” -.00 =0 
0 -.360 ZOO = 0051040 -.924 .020 
4 -.225 3 e() = 00S aes 0 =e 69. 4.25 
ie 5 -. 201 7455 -Ol10 .465 = oS 7 JOS 0 
Le -.186 7 OO O09 a7 10 -./69 .700 
ioe —-.182 153 0 OAC ne 70) -.799 .059 
0 -.105 OO 2 =5 034 2002 q=0 
Run 12601 
3 in. blades, q=10 psf 
0 -.009 OS -.007 .0026 q=0 
0 306 7035 -.000 .030 airs, A (8 if@)e2) 
2a -.151 eS -.007 1.29 -.940 .027 
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Table IV. Experimental Data, CCR Tests 


Run 52605 
Rotameter = 0.70, £ = 9 Hz, q = 10.22 psf 


Pressure (plenum) VRMS = 0.900 
VDC = 5.500 
Velocity VRMS = 0.155 
(air sup. pipe) VDC = 1.000 
Upper Surface Lower Surface 
map no. Cy Tap noe. Co 
Mean RMS Mean RMS 
1 Osh lbs) LAS 29 = 3516 -472 
2 Or desu -164 30 OS is riz 5 
3 O02 .179 Sul 0. 593 - 104 
4 -0.230 - 209 a2 0.600 - 104 
5 -0.699 -164 cee) Oieso2 7 aS 
6 -0.797 .164 34 0.600 -104 
7 -0.694 a AEs, 25 Os SSre - 104 
8 =. 93 -134 36 0.487 Lig 
9 = 17S 7 lip bal 37 05215 225 
10 =i. clo ws 38 On 2516 ein 
ALL -1.331 cL Z5 SNS, OuZaok Agata 
2 -1.642 ~ IEA 40 Oe ea = i EaLal 
LS -1.797 weg 41 Dil 2 2 rel Ooi eal 
14 -1.884 mS 42 O07 5 SOG 
15 alba Sills whee 43 OA) 25 seul Jel 
16 = 196i) 234 44 -0.008 = eval 
i -1.864 ALS 45 Or 0100 5 LAL AL 
18 -1.976 -164 46 -0.008 pal Wel 
19 -1.844 aL67 47 0.064 EAL 
20 -1.906 « dlis: al 48 0.014 Pal les 
zal -1.936 -194 — 49 -0.136 oS 
22 = 20510 = Paps 50 Om o7 pel les 7: 
Pa. sory el ~514 SL 0.406 QoS 
24 S558) 2 -667 a2 Of G72 39 
25 -6.428 -903 bo 02903 Pal bakal 
26 oi pol Bo 72 54 Oe27¢6 Boies: 
27 -2.458 1.042 
28 -1.861 -889 
29 -0.356 ~472 
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Run 52604 
Rotameter 


Velocity 


(Air sup. pipe) 


= 0.70, 
Pressure (plenum) 


Upper Surface 


nap iO . 


Nr 


Mean 


Oe, Gayl 

OOS L 

0.000 

0.014 
=0. 337 
=Oa5 7 
0). Ue 
10) 6 ees, 
= 1.009 
=o BE 
mere O 
= lhe Sey 
= IL-0 8 
=e] 
= et 
=o 
Stee 
so SME 
she BOS 
meso ois 0, 
= dhs silts: 
wees s 
= are OA 
181 5 10S e: 
6 Bee 
-5.445 
=2-413 
= eo 5 
SOleved 3 


Table IV. 
£f = 0 
VRMS = 0.025 
VDC = 0.025 
VRMS = 0.035 
VDC = 1.000 
Ss 
RMS Lap ne: 
080 29 
094 30 
094 Sb 
086 a2 
086 33 
086 34 
-082 35 
080 36 
082 37 
091 38 
082 39 
086 40 
086 4l 
094 42 
086 43 
086 44 
082 45 
086 46 
082 47 
082 48 
082 49 
082 50 
18) 7 Sill 
panne 9; SZ 
sy 53 
546 54 
2546 
~464 
2 ies 


Hwee — lO. 22 DSi 


(Gene dc) 


Lower Surface 
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Mean 


HO. 273 
0. 0s> 
0.575: 
0.614 
02620 
OG cil 
0.549 
Q.494 
0.336 
OR PALS) 
0.224 
ORS 
Chek ILS 
0.066 
0-038 

SO) Oy 

saul ea O}s)7: 

0 . Ou5S 
OVS (G0L-8: 

-0.049 

= 0. O54 
0.169 
Q.459 
0-668 
Ons 
Ors ome 


eC 


p 





Toaote by. (cont cd) 


Run 52603 
Rotameter = 0.58, £f = 9 Hz, q = 10.22 psf 
Pressure (plenum) VRMS = 1.100 
Vpe7 = 327000 
Velocity VRMS = 0.240 
(air sup. pipe) VDC = 1.000 
Upper Surface Lower Surface 
Cp Cp 
ram No. Mean RMS Tap No. Mean 
Al Ure Shes: eLO3 29 0.104 
2 Oe ci wel? 30 Oss 5 
3 0.669 el 6 Sul 0.446 
4 Oa L1 5 LIES 2 0.457 
5 Oe Ihishs Fool S\c: 0.475 
6 Gmdd 9S 6 Il 34 0.443 
7 0.442 55 S55 0.425 
8 8) Sess Ps -147 36 OGss 55 
2 G77 5 ~141 By Oy 2 kak 
10 0.845 a2 38 0.076 
lak = 0.7 -141 39 0.099 
2 0/6 Shaye: 32 40 02070 
13 -1.164 ples A 41 0.042 
14 =e Sl -147 42 05017 
15 S15 Siteak ~147 43 Sil g OLE 
16 -1.411 76 44 -0.124 
7 -1.470 wLeS 45 -0.149 
18 ~1.455 = JES) IL 46 -0.146 
19 -1.499 5 alla 47 -0.070 
20 -1.417 e225 48 -0.034 
21 -1.490 ~259 49 -0.115 
22 weer 7] 7 7296 50 Os 5 
23 -2.961 2076 Syl OR, As 
24 -4.479 1.042 a2 0.304 
25 eoeoe e211 53 OS 0, 
26 ooo ls logs 54 C2997 
27 = 55 -986 
28 -0.594 .704 
Oe 0.104 ~254 


67 





Table IV. 
Run 5260 1 
Rotameter = 0.58, £ = 0 Hz, g = 
Pressure (plenum) VRMS = 0.020 
vbc = 3.800 
Velocity VRMS = 0.037 
(air sup. pipe) VDC = 1.000 


Upper Surface 


c 

Tap no. Mean P pos 
id T2028. 065 
Z 0.762 .067 
3 0.194 .065 
4 OO aera] & 
5 =0...06,).073 
6 -0.358 .065 
7 S05 BOS OE, 
8 =-0.692 .059 
9 -0.65/ .064 
LO Ono. 07 3 
ie =-0.933 .064 
hz = e220 1 3 
iS Ome 7 3 
14 =~1-<e90) .076 
1S =ao40 070 
16 SHS SS S1OiepS: 
7, —-l2432) .067 
18 =o 4s 06 7 
18) iene Oommert0O ¢ 
20 -1.476 .064 
ZL -1.462 .067 
22 =I2535 .-070 
23 =25997/ 9-Li1 
24 ~4.724 .097 
25 are Cee 25 
26 =r re 0 1 
27 -1.086 .334 
28 atl 5) 222) es Zam l 
29 Oboe 2a. 028 


(comet d) 


iOe22 pst 


Lower Surface 


Ta 
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no. 


C 
Mean Proms 
Oebo2. OZ 
0.393 .097 
0.501 .067 
Oe47> .073 
0.446 .070 
0.493 .06/7 
0.440 ~-067 
0.361 .065 
G21 2 061 
0.156 056 
0.125 .06l 
0.081 .064 
0.008 .061 
-0.006 O61 
-0.103 O61 
-0.167 O61 
-0.195 .056 
-0.170 064 
-0.203 .064 
-0.248 056 
-0.337 067 
-0.220 067 
=O2042 9.070 
0.209 aOyeZ 
Get6Z2 .072 
0.944 064 





Table IV. (cont'd) 
Run 51002 


Rotameter = 0.58, £ = 0 Hz, q = 10.22 psf 


H 
Pressure (plenum) VRMS = 0.022 
VbC or — 3.2500 
Velocity VRMS = 0.022 
(air sup. pipe) VDC = -.499 
Upper Surface Lower Surface 
Leap TO. Ce Tap no. Co 
i i010 3 29 0.134 
2 0.760 a0 02523 
5 Os Sse. ok 0.425 
4 0.413 S2 0.464 
> 10) «OP a3 0.449 
6 —()} legal 34 0.449 
ii =0.3/2 35 0.419 
8 Opa 4 36 O23 65 
g -0.709 ami 0. 1ZS 
6 =i 6 20 38 O0so 
ilk = U)5 Shs: 39 0.064 
12 10) S Byte 40 0.017 
Ie eee 7 AE SOAS 
14 -1.323 42 = 0) 107/10 
LS las 6 2 43 -0.145 
16 =l4 16 44 Ol 
Ly -1.471 45 le 2510 
18 -1.488 46 O22 0 
Ie, -1.468 47 =0.241] 
20 -1.474 48 -0.294 
Zak arn 494 49 -0.422 
3Js a0 0 20 -0.273 
23 -2.869 Sle =-0.137 
24 -4.488 Bic 02056 
Zo -4.451 >o 0.416 
26 = 5 o Sees: 54 0.860 
Zi -0.782 
28 (05 S08 
29 -0.134 


Special Upper Surface Pressure 


>. ere SL 
56 Jl (Gen) 
57 02966 
58 dh SOY 
So « eo 2 
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Run 5100 


Rotamete 


Velocity 


(air sup. pipe) 


Upper Surface 


Hap no. 


OonN WNW & WN FF 


5 


r 


1 
0 
0 
0 
0 
=) 
=0 
='0 
=) 
= 
=0 
Su 
=e 
SJ. 
= Ik. 
le 
il 
ale 
iL 
al 
=I. 
=k 
ie 
-4 
-4 
= 3 
=) 
=) 
0 


NODS) 
Pressure (plenum) 


Mean 


O03 
5 Ee 
5 des: 
75 
~234 
OE 
5 Nee: 
~524 
Oza, 
~805 
205 
26 2 


Table 


-406 
-148 


Hon ww te 


nue econt cd) 


HZ ce 0.22 pst 


0.500 
3.405 
Oe ee) 
-.475 


Lower Surface 


Special Upper Surface Pressures 


alle 
ae TS) 
~924 
=e 
aL. 


=0 
-0 
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PAA 
048 
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